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BACKGROUND OF THE INVENTION 


Field of the Invention 

The present invention relates to a charge pump MOS voltage booster and to two 
• applications where said type of booster can find advantageous use. 


The increasing need for devices which operate in equipment having one continuous 
very low power voltage (down to IV), such as telecommunications line equipment, portable 
units, etc., requires efficient and simple continuous voltage boosters. 

One well known structure of a charge pump doubler is illustrated in FIG. 1. It 
includes an oscillator OSC typically with square wave and powered with a continuous power 
voltage VS and connected to ground GND and having an output O. The output O is 
connected to the first terminal of a first charge transfer capacitor TCI. The second terminal 
of the charge transfer capacitor TCI is connected to the cathode of a diode D2. The anode of 
the diode D2 is connected to the power voltage VS. The cathode of the diode D2 is also 
connected to the anode of another diode Dl . The cathode of the diode Dl is connected to the 
output OUT of the doubler and to the second terminal of a charge accimiulation capacitor SC 
whose first terminal is connected to ground GND. 

In this circuit the output voltage (without load) is equal to double the power voltage 
decreased by double the starting voltage (approximately 0.7V) of the diodes Dl and D2. 
When the power voltage is very low, e.g. between 1.2V and 3.5V, this reduction becomes 
significant and unacceptable. 

To solve this problem it has bee proposed, e.g. in French patent application FR-A-2 
321 144, to replace the diodes Dl and D2 with two MOS transistors Ml and M2 as shown in 
FIG. 2. Naturally threshold transistors Ml and M2 need to be appropriately piloted. This was 
achieved, as shown in said document, by means of two other MOS transistors M3 and M4. 


2. 


Discussion of the Related Art 
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The circuit of FIG. 2 solves the problem of voltage drop on the diodes since the 
voltage drop on the channel of the MOS transistors is extremely small but exhibits, as also the 
circuit of FIG. 1, a certain ripple at the output OUT. 

SUMMARY OF THE INVENTION 
The purpose of the present invention is to supply a voltage booster with simple, 
efficient circuitry and without large voltage drops in relation to the theoretical high value and 
with ripple limited at the output. 

This purpose is achieved through the doubler having the characteristics set forth in 
claims 1 or 3 or the booster having the characteristics set forth in claim 6. Additional 
advantageous aspects of the present invention are set forth in the dependent claims. 

By using an oscillator in the doubler or elevator having two outputs in phase 
opposition and two corresponding charge transfer capacitors in addition to a bridge of 
controlled switches, it is possible to charge the accumulation capacitor during a first 
half-period through one of the two capacitors and during the following half-period charge the 
accumulation capacitor through the other of the two capacitors and reduce ripple at the 
output. 

Advantageously, instead of using four additional MOS transistors, the second charge 
transfer capacitor can be connected directly to the first four transistors symmetrically in 
relation to the first charge transfer capacitor. 

In accordance with another aspect the present invention concerns also an electrical 
circuit in accordance with claim 13 and a voltage regulator in accordance with cleiim 14, both 
comprising and using such a voltage booster. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention is clarified by the description given below with reference to the 
annexed drawings. 

In the drawings: 

FIG. 1 shows a diode voltage booster in accordance with the known art, 

FIG. 2 shows an MOS-transistor voltage booster in accordance with the known art. 
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FIG. 3 shows a voltage doubler in accordance with the present invention, 
FIG. 4 shows a voltage booster in accordance with the present invention, 
FIG. 5 shows a loading section to be used in the voltage booster of FIG. 4, and 
FIG. 6 shows a voltage regulator in accordance with the present invention. 


The circuit of FIG. 3 is quite similar to that of FIG. 2 but differs therefrom in 
some important elements. 

The oscillator OSC exhibits, in addition to the first output 01, a second output 
02 in phase opposition in relation to the first. The second output is connected to the 
first terminal of a second charge transfer capacitor TC2. The second terminal of said 
second capacitor is connected directly to the four transistors M1,M2,M3,M4 
symmetrically in relation to the first capacitor TCI. 

The transistors M1,M2,M3,M4 thus give rise to two inverters connected 
together in a loop so as to form a flip-flop having respective inputs connected to the 
second terminals of the capacitors TCI and TC2 which are negative power terminals 
connected together to the voltage VS and positive power terminals connected together 
to the second terminal of the capacitor SC. 

The signal generated by the oscillator OSC varies between the potential of the 
reference GND and the potential of the continuous power voltage VS in accordance 
with a square wave both at the output 01 and the output 02. 

Such an oscillator can include an oscillator having a single output referred to the 
potential reference GND, in particular ground, from an inverting buffer and from a 
non-inverting buffer having virtually equal delays. 

FIG. 3 shows the bulk diodes D1,D2,D3,D4 of the four MOS transistors 
M1,M2,M3,M4 respectively. The cathodes of Dl and D3 are connected to the output 
OUT of the doubler and the anodes of D2 and D4 are connected to the continuous 
power voltage VS. These connections are very important for correct starting of the 
circuit and subsequent rated operation as explained more clearly in the following 
description. 


DETAILED DESCRIPTION 
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Naturally, considering the perfect symmetry of the circuit thus achieved, the 
inverters including the transistors M1,M2,M3,M4 preferably must be equal. 

To explain the operation of this circuit it is necessary to follow the evolution of 
the voltage at the output OUT of the doubler from the time power voltage is applied to 
achievement of rated operating voltage. 

At the instant the power voltage is applied, the accumulation capacitor SC is 
discharged and the output moves to potential VS - 2 * VD, where VD is a starting 
voltage of the bulk diodes of the MOS transistors, approximately 0.7V. 

During this first phase the fovir MOS transistors are all off and the capacitor SC 
charges through the bulk diodes. When the difference between voltage at output and 
power voltage becomes greater than the threshold voltage of the MOS transistors, the 
transistors M1,M2,M3,M4 begin to conduct and cooperate in "pumping" charge into 
the capacitor SC until completely replacing the bulk diodes at rated operation. 

Operation during the transient is as follows: 

During the half-period in which the output 01 of the oscillator OSC is low, i.e. 
grounded, the first capacitor TCI charges through the diode D2. While the output 02 is 
high, the charge transfer capacitor TC2 supplies its energy to the capacitor SC through 
the diode D3. 

During the half-period in which the output 01 of the oscillator OSC is high, i.e. 
at power potential, the capacitor TCI supplies its energy to the capacitor SC through 
the diode Dl . While the output 02 is low, the charge transfer capacitor TC2 charges 
through the diode D4. 

In the absence of the MOS transistors, with only a bridge of the diodes 
(D1,D2,D3,D4), the voltage at the output OUT would rise to: 
[1] 2 * VS - 2 * VD - 2 * RD * IL - IL * T / C ; 

where RD is the series resistance of the bulk diodes, XL is the average current absorbed 
by the load, T is the period of the square wave generated by the oscillator OSC, and C 
is the capacity of the capacitors TCI and TC2, which are assumed to be equal. This is 
true only if SC » TCI and SC » TC2, so as to disregard ripple. 
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The first of the three contributions subtracted is due to the diode starting vohage 
and is present even when no current is absorbed by the load, e.g. in "High Side Driver" 
applications where the load to be piloted is a MOS transistor, i.e., a pure capacity. 

The second contribution is due to the potential drop in the series resistance of 
said diodes. By appropriately dimensioning the diodes, this contribution is almost 
always negligible. 

The third contribution is due to the loss of charges of the capacitors TCI and 
TC2. This contribution cannot be eliminated and should be allowed for if the charge 
transfer capacitors are integrated, or it can be minimized if it is possible to connect very 
large discrete capacitors outside the chip. In any case, for applications in which no 
average current is absorbed on the load, this contribution is zero. 

Rated operation is as follows: 

During the half-period in which the output 01 is low, i.e. grounded, the nodes 
NA and NB are at potential VS and VOUT respectively. Ml and M4 are off, M2 and 
M3 are on. In this condition, the first capacitor TCI charges through the N-channel 
MOS transistor M2 and the charge transfer capacitor TC2 charges the capacitor SC 
through the P-channel MOS transistor M3. 

^E^ing th^lmlf-period in which the output 01 is high, i.e. at power potential, the 
nodes_NDj\ and NDD are at potential VOUT and VS respectively. Ml and M4 are on, 
M2 and M3 are off. In this condition, the first capacitor TCI charges the capacitor SC 
through the P-channel MOS transistor Ml and the charge transfer capacitor TC2 
charges through the N-channel MOS transistor M4. 

In rated operation, assuming the output resistance of the oscillator OSC to be 
null, the output voltage will be: 

[2] 2 * VS - 2 * RDS.ON * IL - IL * T/C ; 

where RDS.ON is the series resistance of the MOS transistors, which are assumed to be 
equal. 

From a comparison of formulas [1] and [2] the advantage achieved by use of the 
MOS transistors is clear. This advantage is especially relevant in applications in which. 
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in rated operation, the term IL becomes null, e.g. when the load to be piloted is an MOS 
transistor. 

Diiring the initial transient operating condition, when the node NA goes low, the 
bulk diode D2 of the N-channel MOS transistor M2 (this applies also to D4 and M4) 
goes into conduction triggering an NPN parasite transistor which has for emitter the 
drain diffusion of the N-channel MOS transistor M2, for base the bulk diffusion of the 
N-channel MOS transistor M2, and for collector the pocket containing the N-channel 
MOS transistor M2. If the pocket of the N-channel MOS transistor M2 is polarized at 
the voltage VOUT the intervention of this parasite transistor would discharge the 
capacitor SC and prevent reaching of rated condition. Hence, if the circuit is integrated 
in the same chip, it is advisable to place the transistors Ml, M2, M3, M4 in separated 
pockets and polarize the pocket of the N-channel MOS transistors at the same bulk 
potential, i.e. VS. 

When the node NA goes high the bulk diode Dl of the P-channel MOS 
transistor Ml (this also applies for D3 and M3) goes into conduction triggering a 
parasite PNP transistor which has for emitter the drain diffusion of the P-channel MOS 
transistor Ml, for base the pocket of the P-channel MOS transistor Ml, and for 
collector the substrate and the insulation. The presence of this parasite transistor would 
slow reaching of the rated condition. Therefore it is advisable to minimize said 
undesired effect by surrounding the MOS transistors Ml and M2 with a deep highly 
doped type N diffusion. 

Another important point to be mentioned concerns dimensioning of the four 
MOS transistors and the output resistance of the oscillator OSC. 

The MOS transistors should be constructed allowing first for the RDS.ON 
because the voltage drop on it is to be subtracted from the output voltage, but without 
excessive reduction of this parameter which causes an opposite increase in the cross 
current lost during each switching and affects conversion efficiency. 

In addition, in rated operating condition, if the transfer capacitors TCI and TC2 
are sufficiently large that the charge lost can be considered negligible, the potential at 
the nodes NA and NB during a rising or falling front will be determined by the resistive 
divider made up of the RDS.ON of the MOS transistors and the output 
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resistance of the oscillator OSC. Normally even the oscillator OSC has its output stage 
provided by MOS inverters. 

Therefore, assuming half the switching threshold of the inverters made up of the 
pairs of MOS transistors M1,M2 and M3,M4, for said inverters to be able to switch, the 
oscillator must have an output resistance smaller than the RDS.ON of the MOS 
transistors. 

It must also be noted that the MOS transistors work in the voltage space 
between VOUT and VS and must be constructed in such a maimer as to withstand this 
potential difference while the pocket containing them must hold the highest voltage 
VOUT. 

FIG. 4 shows a block diagram of a voltage booster in accordance with the 
present invention also based on an oscillator OSC having two outputs 01 and 02 in 
phas^^ppositipn and at least one pair of charge transfer capacitors so that the 
acciunulation capacitor SC is loaded during both half-periods of the wave, usually 
square, generated by the oscillator OSC. 

This booster includes generically N loading sections CS indicated as CSl-CSN. 
In the circuit of FIG. 4, the voltage at the output OUT is equal to N+l times the 
continuous power voltage VS, hence in the case of a single loading section the booster 
will be a doubler. 

The generic loading section CS is illustrated in FIG. 5 and is a device with four 
terminals, i.e. a first side terminal A, a second side terminal B, a power input terminal 
C, and a charge output terminal D. All the first side terminals Al-AN are connected to 
the output 01 and all the second side terminals Bl-BN are connected to the output 02. 
In the case of a single loading section CS the terminal D is connected to the output 
OUT and to the capacitor SC and the terminal C to a potential reference, in the case of 
FIG. 4, the continuous power voltage VS. In the case of N loading sections CSl-CSN 
these are connected in series by the input terminals Cl-CN and the output terminals 
Dl-DN. The first output terminal (Dl) of the series connection is connected to the 
output OUT and to the capacitor SC, and the last input terminal (CN) of the series 
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connection is connected to a potential reference, in the case of FIG. 4, the continuous 
power voltage VS. 

Each of the loading sections CS includes: 

a first charge transfer capacitor TCI and a second charge transfer capacitor TC2 
having first terminals connected to the first A and second B side terminals 
respectively, and 

two inverters connected together in a loop in such a way as to form a flip-flop 
having respective inputs connected to second terminals of the first charge 
transfer capacitor TCI and of the second charge transfer capacitor TC2, 
negative power terminals connected together to the power input terminal C and 
positive power terminals connected together to the charge output terminal D. 
The first inverter is made up of the MOS transistors Ml and M2 and the 
second inverter of the MOS transistors M3 and M4. Again in FIG. 5 the bulk diodes 
D1,D2,D3,D4 are shown (basically for operation of the circuit), the cathodes of the 
diodes Dl and D3 are connected to the charge output terminal D, while the anodes 
of the diodes D2 and D4 are connected to the power input terminal C. 

In FIG. 4, a terminal of the capacitor SC is connected to ground GND. 
Naturally a different potential reference could be chosen with no consequence on the 
potential at the output OUT. 

Again in FIG. 4, the continuous power voltage VS is supplied as an input 
both to the oscillator OSC and the terminal CN. Again in this case the terminal CN 
could be connected to a different potential reference. The output voltage would then 
be equal to N times the continuous power voltage VS of the oscillator OSC 
increased by the reference potential. 

As already mentioned, there are various electrical circuits which require 
voltage booster circuits for the environment in which they operate. 

A first example are Flash EPROM memory devices. These devices require a 
relatively low read voltage, e.g. 3 to 5 V, but relatively high progranmiing and 
reading voltages, 12V. Naturally, it is rather inconvenient to have, only for these 
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devices, a 12V power source, and it is convenient to insert a booster in the memory 
device. 

A second example are voltage regulators with a low voltage drop between 
input and output, and an MOS power transistor as an output regulation element. 

Such a regulator is shown in FIG. 6. This is a device basically with three 
terminals, an input terminal VI, an output terminal VO, and a potential reference 
terminal GND which is usually connected to ground. 

The input terminal VI is connected to the drain terminal of a P-chaimel MOS 


power transistor OM, and the output terminal VO is connected the source terminal of 
the P-channel MOS power transistor OM. In parallel with the channel of the 
P-channel MOS power transistor OM is a protection diode PD. 

The output terminal VO is also connected to regulation means RM whose 
output is connected to the gate terminal G of the P-channel MOS power transistor 
OM through a diode D6. 

The input terminal VI can also be connected to protection means PM against 
current overloads whose output is again connected to the gate terminal G of the 


P-channel MOS power transistor OM through another diode^©^ 

The input terminal VI must also be connected to voltage booster means EM 
whose output OUT is connected to the gate terminal G of the P-channel MOS power 
transistor OM through a current generator IG. The current generator fulfils 
principally a function of limiting the current generated by the voltage booster means 
EM and also permits letting the potential of the gate terminal G vary. 

The voltage booster means EM provides the gate terminal G with a potential 
greater at least than the threshold voltage present on the output terminal VO by at 
least one volt. If the regulator has a low voltage drop, the potential on the output 
terminal VO will be greater only by a few tenths of a volt and would not be 
sufficient to pilot the gate terminal G of the P-channel MOS power transistor OM. 
Therefore, the voltage booster is needed. 

Having thus described at least one illustrative embodiment of the invention, 
various alterations, modifications, and improvements will readily occur to those 
skilled in the art. Such alterations, modifications, and improvements are intended to 
be within 
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the spirit and scope of the invention. Accordingly, the foregoing description is by 
way of example only and is not intended as limiting. The invention is limited only 
as defined in the following claims and the equivalents thereto. 
What is claimed is; 
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